Our study investigates by which channels IPO underpricing impacts post-listing liquidity. Using a sample of IPOs undertaken on Euronext with diverse mechanisms, we show that when ownership structure is not influenced by initial underpricing, this underpricing still has a positive impact on aftermarket liquidity by a virtuous cycle related to analyst coverage.
Introduction
The vast majority of empirical studies examining the liquidity of recently listed stocks support the notion that initial public offering (IPO) underpricing boosts secondary market liquidity. On average, underpriced IPOs exhibit higher aftermarket trading activity than overpriced IPOs (Miller and Reilly, 1987; Hanley, 1993; Schultz and Zaman, 1994; Reese, 1998; Hahn and Ligon, 2006; Li and Zheng, 2008) . A higher level of underpricing leads not only to increased trading turnover but also to lower bid-ask spreads (Pham, Kalev, and Steen, 2003; Li, Zheng, and Melancon, 2005) and lower adverse selection costs (Li, McInish, and Wongchoti, 2005) . 1 However, apart from Pham et al. (2003) , no literature exists on how this positive link between initial underpricing and liquidity actually is formed. We aim to help fill this gap in understanding.
In accord with the theory of Booth and Chua (1996) , referred to as the ownership dispersion hypothesis in the remainder of this paper, Pham et al. (2003) find that the positive relation between initial underpricing and post-listing liquidity is formed through the mediation of a broader ownership structure resulting from the allocation process. In this article, we propose that while there may be markets in which ownership concentration is insensitive to IPO underpricing, this underpricing still has a positive impact on post-listing liquidity due to the information effect of analyst coverage engendered by underpricing. This theoretical interpretation of our empirical evidence is based on: (a) the models by Chemmanur (1993) and Aggarwal, Krigman, and Womack (2002) , which show that initial underpricing attracts analyst coverage, and (b) the observation that analyst and financial media coverage reduces information asymmetry and thus illiquidity (cf. Reese, 1998; 2 Popescu and Xu, 2011 3 ). This theory is further referred to as the information production hypothesis.
The main contribution of our research is to depart between the ownership dispersion and the information production hypotheses, and to find evidence in support of the latter, by exploiting IPO data, intraday market data, ownership data, and analyst coverage data for a sample of IPOs undertaken on Euronext Paris between 1995 and 2008. Like most previous papers, we show that post-IPO liquidity increases with initial underpricing. We find that adverse selection costs and informed trading are lower for more underpriced IPO stocks, which suggests that more public information is produced for these stocks. In contrast with the theory of Booth and Chua (1996) and the findings of Pham et al. (2003) , we fail to prove that these effects result from a more diffuse ownership obtained by underpricing the issue. Instead, we show that these results are due to enhanced analyst coverage of IPOs that perform well in the immediate aftermarket, as argued in Aggarwal, Krigman, and Womack's (2002) model.
We provide evidence that secondary market information asymmetries are reduced and postlisting liquidity is enhanced through analyst coverage unleashed by initial returns.
We also contribute to existing literature in other ways. First, many of the empirical studies that find a positive link between IPO underpricing and post-listing liquidity are based on daily trading volumes only whereas we adopt a microstructure approach as in Pham et al. (2003) and Ellul and Pagano (2006) . Trading volumes are complemented with other liquidity measures based on daily data, and for continuously traded securities, we also use spreads and information asymmetry metrics. Second, in contrast to U.S. samples, which are composed only of book-built IPOs, our sample is diversified in terms of IPO mechanisms and includes not only pure book-buildings, but also mixed book-buildings, auctions, and fixed-price offers.
This also differs from Pham et al.'s (2003) study, where the sample was composed mainly of fixed-price offers. The diversity of our sample in terms of issuing procedures ensures that our findings are not driven by the specifics of a given issue mechanism and allows us to compare book-built IPOs with others. Third, we examine IPO stocks traded in an order-driven market whereas most U.S. studies are based on Nasdaq IPOs for which the secondary market has a dealership structure. This is also the case for Ellul and Pagano's sample in the UK. The results of such studies may, therefore, be due to the market-making role that underwriters can play in this type of market after the listing.
The remainder of the article is organized as follows: Section 2 presents the testable hypotheses. Section 3 describes the institutional settings, the sample, and the data. Empirical measures are laid out in Section 4. Sections 5 and 6 respectively present the methodology and the results. Several robustness checks are conducted in Section 7. Section 8 concludes.
Testable hypotheses
Two theories are considered to explain why initial underpricing would enhance aftermarket liquidity. One explanation is that underpricing an IPO is a way of attracting more shareholders, as demonstrated by Booth and Chua (1996) . The more dispersed ownership obtained by underpricing the issue would then result in a more liquid secondary market. We refer to this theory as the ownership dispersion hypothesis. A second possible explanation is based on the information models developed by Chemmanur (1993) and Aggarwal et al. (2002) . They showed that initial underpricing attracted analyst coverage. Reese (1998) also found that the level of interest in a firm measured by newspaper references was positively related to initial return, initial trading volume, and long-term trading volume. We propose that when initial underpricing attracts press and analyst coverage, more public information is produced about the firm which may reduce information asymmetry in the secondary market and thereby improve liquidity. We refer to this theory as the information production hypothesis.
The ownership dispersion hypothesis
While some IPO candidates may desire a concentrated ownership to confer greater monitoring power to pre-IPO or new large shareholders, others may want a diffuse ownership structure in order to obtain higher secondary-market liquidity, a factor often considered as an important criterion of success of an IPO (Corwin, Harris, and Lipson, 2004) . Indeed, firms with more dispersed ownership generally have a more liquid stock market (Brockman, Chung, and Yan, 2009; Ginglinger and Hamon, 2007; Heflin and Shaw, 2000) , and this presents several advantages. A more liquid secondary market can make corporate governance more effective (Maug, 1998) . In general, higher aftermarket liquidity contributes to increasing the firm's value and reducing its cost of capital in several ways. It improves the issuing firm's future access to capital markets, namely by attracting investors, reducing transaction costs in future equity raisings (Ibbotson and Ritter, 1995) , and lowering gross fees requested by investment banks in subsequent equity offerings (Butler, Grullon, and Weston, 2005) . It also reduces the illiquidity premium and thus the returns required by investors to hold the firm's shares (Amihud and Mendelson, 1986; Brennan and Subrahmanyam, 1996) . Booth and Chua (1996) demonstrated that IPO firms seeking secondary-market liquidity underpriced their stock in order to attract a large number of small shareholders and create a more dispersed ownership structure. Consistent with this theory, Michaely and Shaw (1994) and Brennan and Franks (1997) found higher underpricing for IPOs with a more diverse shareholder base. In this study, we test Booth and Chua's (1996) theory by examining not only the relation between initial underpricing and ownership dispersion, but also the subsequent effect of ownership dispersion on post-listing liquidity. These testable hypotheses are expressed as follows:
H1a. ownership dispersion increases with initial underpricing;
H1b. the ownership dispersion generated by initial underpricing contributes to increasing the liquidity of the IPO stock in the secondary market.
The information production hypothesis
The idea that attracting information production would be a motivation for underpricing IPOs was first developed by Chemmanur (1993) in a theoretical model. In this model, firm insiders, who have private information about their firm's prospects, sell equity both in the new issues market and in the secondary market, and outsiders may engage in costly information production about the firm. Underpricing results from the insiders of high-value firms inducing information production in order to obtain a more precise valuation of their firm in the secondary market. Initial returns compensate outsiders for the cost of producing information and this information results in a higher stock price for high-value firms in the secondary market.
In accord with Chemmanur's theory, several papers (Rajan and Servaes, 1997; Bradley, Jordan, and Ritter, 2003; Cliff and Denis, 2003; Francis, Hasan, Lothian, and Sun, 2010) have found evidence for a positive link between initial underpricing and analyst coverage measured by the probability of coverage or the number of covering analysts. For Cliff and Denis (2003) , IPO underpricing would be a way of compensating analysts for their efforts to collect information. Aggarwal et al. (2002) developed another model of IPO underpricing with information production by considering that insiders are restricted by lock-up agreements. In their model, managers strategically underprice their IPOs to maximize personal wealth from selling shares at lock-up expiration. Initial returns generate information momentum by attracting attention to the stock and thereby shifting the demand curve up. This allows managers to sell shares at higher prices at the expiration of the lock-up period.
From this literature, we derive three testable hypotheses based on the argument that the information momentum created by underpricing a new issue may contribute not only to increasing the stock price but also to improving stock liquidity in the secondary market due to increased interest in the stock and reduced information asymmetry. Those hypotheses are stated as follows:
H2a. initial underpricing attracts public information production on the firm following its IPO;
H2b. the information production generated by initial underpricing contributes to increasing the liquidity of the IPO stock in the secondary market; H2c. the information production generated by initial underpricing contributes to reducing the information asymmetry on the IPO stock in the secondary market.
Institutional settings, sample, and data
The above-mentioned hypotheses were tested on a sample of IPOs undertaken on Euronext Paris between 1995 and 2008 about which we hold exhaustive data. offer and open-price offerings can be associated with a placement. In fact, most book-built issues are offered as a double-stage issue whereby, in addition to the private book-building process, a separate mechanism offers shares to the public. The simplest and most common technique is to offer shares to the public at a fixed price which is equal to the equilibrium price set during the book-building process. An alternative method is to organize an auction in which individual investors can place limit orders. In this case, the issue price may differ for each category of subscriber. Under Euronext regulations, the issue price paid by institutions in the book-building process may not be lower than the definitive public offer price.
Institutional settings
Euronext's secondary markets are all order-driven, yet some trading designs differ according to the market segment and the liquidity of the stock traded. For most liquid stocks, order book trading is continuous, with the trading session commencing and terminating with batch auctions. For less liquid securities, trading is only periodic, with one or two batch auctions a day. In addition, for some securities, Liquidity Providers (LP) may act as market makers inside the order book. LPs are brokerage firms that signed a commercial agreement with NYSE-Euronext to provide liquidity on an instrument. Their role is to: (1) protect against variations in volatility; (2) guarantee transactions at the best price at all times; (3) support the volume of transactions in the order book. They are required to quote two-way bid and ask prices with a minimum volume size at all times during the trading session, fifteen minutes before the opening session, and in batch auctions. In compensation, they are not required to pay trading fees on market-making services. LPs mainly concentrate on small and medium capitalization stocks. For these equities, the agreement with the exchange is often (and always for IPO stocks) combined with a liquidity contract whereby the issuer hires the corporate broker not only to improve the market quality of its stock but also provide corporate services such as listing sponsorship and research.
Regarding the growth market segment, Alternext has a hybrid market structure similar to that of the Nouveau Marché before 2005. Two batch auctions are run per day. At the same time, market makers actively participate in the auction procedures and also supply liquidity on a continuous basis between auctions.
Sample and data
This empirical study was conducted using data from four sources. First, we gathered the prospectuses available in the AMF Datastream, high-frequency data from the Euronext Database, press coverage data from FACTIVA, and analyst coverage data from I/B/E/S detail history, covering the six months following the IPO. Matching these databases left us with a sample of 326 IPOs. Using their prospectuses, we retrieved the IPO date, the subscription price, the number of shares on sale in the IPO, the number of shares issued in and outstanding after the IPO, the IPO allocation mechanism, the underwriters' identity, the involvement of venture capitalists, and the percentage of shares held by the managers, members of their families, and blockholders before and after the IPO.
Of the 326 IPOs constituting the final sample, 171 were undertaken in the Second Marché or Eurolist and 155 took place in the Nouveau Marché or Alternext. In terms of IPO mechanisms, 275 issues involved a book-building process, 42 were auctioned and 9 were fixed-priced. Among the 275 book-built IPOs, 14 were exclusively book-built, 153 were associated with an auctioned public offer, and 108 were followed by a fixed-priced offering.
All of the auctioned and fixed-price IPOs in the sample were undertaken in the 1990s, whereas the IPOs conducted during or after 2000 all used a mixed mechanism which associated the book-building process with either an auction or a fixed-price offer.
Empirical measures
This study is based on five categories of empirical measures: IPO initial returns, lowand high-frequency liquidity metrics, information asymmetry measures based on intraday data for continuously traded stocks, ownership dispersion indices, and information production measures.
Initial underpricing
For each stock in the sample, underpricing is measured as the return between the closing price observed five business days after the IPO and the IPO price, and adjusted for the SBF 250 index return:
where 5 P is the closing price on the fifth business day following the IPO; 0 P is the IPO price; Table 1 show that mean underpricing is around 2.80% over the first day of trading, 15.63% one week after the IPO, and 20.06% one month after. We thus consider that post-IPO prices take longer than one day to stabilize on Euronext and that a five-day horizon is more appropriate.
Liquidity measures
Liquidity is measured over the six-month period that starts five trading days after the IPO date. This five-day gap is meant to eliminate the effect of the abnormal trading activity generally observed in the first days following a primary listing. Among the 326 IPOs in our sample, 154 were traded continuously during the 6-month observation period. The remaining 172 stocks were traded in batch auctions only (one or two per day).
For the entire sample, post-IPO liquidity is measured with the average daily turnover, Amihud's (2002) illiquidity ratio, and the zero-return ratio of Lesmond, Ogden, and Trzcinka (1999) . The average daily turnover, denoted TURN, is the average daily volume in percentage of the number of shares sold in the IPO. Amihud's (2002) illiquidity ratio is an estimate of the sensitivity of prices to traded quantities and is computed as follows:
where R t is the stock return measured in logarithm on closing prices at date t, V t is the trading volume on date t and T is the number of trading days in the observation period. Lesmond, Ogden, and Trzcinka's (1999) measure (L_O_T) is the ratio of zero-return days to the total number of trading days in the observation period. The assumption behind this measure is that no informed trading occurs when trading costs are high enough to offset trading gains, which leads to zero daily returns.
For the sub-sample of continuously traded stocks, we compute time-weighted average quoted spreads,
average effective spreads,
and average realized spreads,
where
mid , and k d , respectively, are the best bid quote, the best ask quote, the mid-quote, and the duration of the best quotes observed at the time of the k th quoted spread in the observation period; K is the total number of quoted spreads observed for the stock in the observation period; P n is the transaction price for the n th transaction in the observation period;
) is the mid-quote prevailing at the time of (30 minutes after) the n th trade;
Q n is the sign of the n th trade; and N is the total number of trades in the period.
Measures of information asymmetry
Measures of information asymmetry are derived over the same six-month observation period as that chosen to measure liquidity. The magnitude of information asymmetry is estimated with three methodologies: the average 30-minute price impact denoted PIMP, the adverse-selection spread component of Lin, Sanger, and Booth (1995) denoted  lsb , the probability of informed trading (PIN) of Easley, Kiefer, O'Hara, and Paperman (1996) , and the adjusted PIN of Duarte and Young (2009) 
We conduct the decomposition of the effective spread in a realized spread and a price impact within a 30-minute interval following Bessembinder and Kaufman's (1997) approach.
Price impacts at a 30-minute interval are calculated as follows: 
is the mid-quote prevailing immediately after the n th trade. All regressions are run with the Generalized Method of Moments (GMM).
Finally, we compute the PIN measure of Easley, Kiefer, O'Hara, and Paperman (1996) , which is based on trade direction. The probability of observing B buys and S sells on a given day can be implemented as follows:
where α is the probability of an information event which is bad news with probability  and good news with probability 1-. The arrival rate of informed trades is .  is the rate of uninformed buy and sell trade arrivals. Over an observation period of T days, the likelihood of observing  
T t t t S B
1 ,  buys and sells corresponds to the product of the daily likelihoods:
In order to estimate the () parameters, we maximize the likelihood defined in equation (8), and the PIN is calculated as:
According to Duarte and Young (2009) , the PIN may measure illiquidity as much as information asymmetry. In order to control for potential effects of illiquidity unrelated to information asymmetry, we also compute the Duarte and Young's (2009) adjusted PIN (AdjPIN). which is calculated as:
where  measures the probability of an event conditional to the absence of private information, ' the probability of an event conditional to the arrival of private information.  measures the additional arrival rate of buys and sells.
Measures of ownership structure
Ownership structure data were extracted from IPO prospectuses. In order to estimate the ownership concentration, we identified all of the blockholders who possessed at least 5% of the firm's shares and computed their total holding in percentage (BLOCK). We also calculated the Herfindhal-Hirschmann index (HERF) by summing squared shareholdings of the five largest shareholders:
where i s is the part that belongs to the i th largest shareholder (i=1,…,5).
Measures of information production
We first measured information production by the quantity of information disseminated about the firm in the press within the first six months following the IPO date. We extracted the number of citations of the IPO firm in the press from FACTIVA and took it in logarithm (#FACT). Second, we considered the information produced by financial analysts. I/B/E/S data were collected for the same observation period to measure the intensity of analyst coverage by three metrics taken in logarithm: the number of brokerage firms covering the IPO (#BR), the number of analysts (#AN), and the number of recommendations they issued (#REC).
Test design
We started our empirical work by testing how initial underpricing was correlated with post-listing liquidity and information asymmetry. We then tested both the ownership dispersion hypothesis and the information production hypothesis by using a two-stage 
The relation between initial underpricing and post-listing liquidity
As a preliminary step, we measured to what extent post-listing liquidity and post-listing information asymmetry were positively correlated with initial underpricing by regressing low and high-frequency liquidity measures on the level of underpricing in the following way:
where Liquidity was alternatively the average daily turnover (TURN), the Amihud illiquidity ratio (AMIH), the zero-return ratio (L_O_T), the average time-weighted quoted spread (QS), the average effective spread (ES), or the average realized spread calculated at the 30-minute horizon (RS); InfoAsym was alternatively the average price impact calculated at the 30-minute horizon (PIMP), the adverse selection cost component of the effective spread following Lin et al. (1995) ( lsb  ), the probability of informed trading (PIN) estimated following Easley et al. (1996) , and the adjusted PIN measure (AdjPIN) of Duarte and Young (2009) and set to 0 otherwise (Lock-up), and a binary variable set to 1 if the IPO firm had signed a liquidity contract (LP_contract). We used the same control variables in the regressions of spreads except for the firm's initial market value (lnMV) which was replaced by the average daily trading volume taken in logarithm (lnV). In the regressions of information asymmetry variables, we controlled for volatility, market value, and price level as in the spread regressions. We also expected the information asymmetry to be greater if: (1) the managers had retained a greater shareholding after the listing; (2) the firm was introduced on a growth market; and (3) it belonged to the new technology sector. We therefore added as controls the shareholding of the manager after the IPO (MAN_postIPO), the market segment represented by dummy NM equal to 1 when the IPO was undertaken in the growth market (Nouveau Marché or Alternext) and equal to 0 otherwise, and the NTIC dummy set to 1 for new-technologies IPO firms (0 for others).
However, this regression is not sufficient to show if the improvement of liquidity or the reduction of information asymmetry is due to either higher dispersed ownership or information production after the IPO. In order to test the two hypotheses, we used a two-step regression.
Test of the ownership dispersion hypothesis
In a first stage, we tested whether underpricing affected ownership structure by modeling our measures of ownership concentration (HERF and BLOCK) as a function of the underpricing level:
. ln 1 7 6 5 4
We controlled for market size (lnMV) and for the rate of newly-issued shares (SaleRatio), calculated as the number of new shares divided by the total number of shares outstanding after the IPO, because large IPO firms and IPOs with a greater proportion of newly-issued shares are expected to have more dispersed ownership. We also controlled for the percentage of shares retained by the manager's family after the IPO (FAM) and the segment of listing (binary NM), as family-owned companies and growth firms usually have more concentrated shareholding structures. Finally, book-built IPOs as well as venture-backed IPOs may have a different ownership structures than others. We thus included two dummies to control for those effects: VC which equals 1 for venture-backed IPOs (0 for others) and BB which equals 1 for book-built IPOs (0 for others).
In the second stage, liquidity measures were regressed on ownership concentration measures as predicted in first-stage regressions (2):
The same control variables as in model (13) 
Test of the information production hypothesis
The test of the information production hypothesis was designed in the same way as that of the ownership dispersion hypothesis. In a first-stage, we regressed measures of information production on the underpricing measure w U 1 :
The measures of information production, generically denoted od Pr Info , comprised press coverage measured by the number of citations in the press over the six-month period following the primary listing date (#FACT), and measures of analyst coverage such as the number of brokers covering the IPO firm (#BR), the number of analysts (#AN), and the number of recommendations issued over the post-listing period (#REC). These four variables are strongly determined by the size of the firm but controlling for lnMV in Regression (16) would be a source of colinearity in the second-stage regression. For this reason we chose to regress the previously-mentioned measures of information production, taken in logarithm, on lnMV. We then used the residuals of these preliminary regressions as the dependent variables in Regression (16). IPOs with a higher sale ratio usually receive more coverage while growth IPOs receive less. IPO cyclicality is likely to impact the level of coverage. The reputation of the lead underwriter may also positively determine the probability of coverage, as shown by Cliff and Denis (2004) . This led us to control for the sale ratio (SaleRatio), the listing market segment (NM), the logarithm of the number of IPOs undertaken during the three months preceding the IPO (HM), and the lead underwriter's reputation (REP) measured as its market share, following the approach of Megginson and Weiss (1991) . This market share is calculated as the amount of funds in euro raised in the IPOs underwritten by the considered investment bank as a percentage of the total euro amount brought to market for all IPOs in the sample. If an IPO has more than one lead underwriter, the average of the underwriters' market shares is used as the measure of reputation. REP is taken in logarithm. Table 1 presents general statistics for the sample on issue characteristics, initial underpricing, liquidity, risk, ownership structure, and analyst coverage intensity. Ownership statistics show that after the IPO, blockholders own a great proportion of most firms' shares.
Results
On average, around 67% of shares are retained by shareholders who own more than 5% of shares after the IPO, and more than 40% of the shares are retained by the managers after the IPO. Furthermore, institutional holdings are substantial with an average share that almost reaches 15%. Average liquidity levels are those typically observed for middle capitalization stocks. Regarding analyst coverage, the average number of brokers and the average number of analysts per IPO both range between one and two, and the average number of recommendations they issue within the six months following the initial offering exceeds two, with large cross-section discrepancies.
Table 1 about here
The relations between initial underpricing, liquidity, ownership dispersion, and information production then are investigated through the multivariate analysis described in Section 5. Table 2 The influence of initial underpricing on liquidity and information asymmetry was controlled for traditional effects such as volatility, size, trading volume and price level.
Regarding other control variables, Table 2 (14), Table 3 shows that venture-backed IPOs, book-built IPOs, and
IPOs with more shares sold in the offering have a more dispersed ownership after the IPO.
Conversely, family ownership and firm size favor ownership concentration after the IPO.
Table 3 about here
The estimates obtained from regressing information production measures on IPO underpricing are shown in Table 4 . While underpricing has no significant impact on press coverage, it stimulates analyst coverage very significantly. We thus fail to reject H2a for public analyst-produced information. We can also note that analyst coverage increases with the percentage of shares sold in the IPO. The results for binary variable NM show that financial analysts pay less attention to IPOs conducted on growth markets. Results in Table 4 also reveal that information production does not intensify during hot market periods.
In the second stage, liquidity positively correlates with the analyst coverage intensity predicted by underpricing (cf. Table 5 ). This finding holds at the 1% significance threshold according to all liquidity metrics except the Amihud ratio. This provides support for H2b.
With respect to control variables, the traditional effects of volatility, size, and price level on liquidity are found. Unexpectedly, IPO stocks with a lock-up period appear to be more liquid and those with a liquidity provision contract are not.
Finally, all information asymmetry measures are significantly reduced by first-stagepredicted underpricing (cf. Asymmetric information costs increase with volatility but the proportion of informed traders in the market does not. Information asymmetry is inversely linked to firm size if we consider asymmetric information costs but the probability of informed trading is positively correlated with firm size.
Tables 4, 5, and 6 about here
In summary, our findings do not support the ownership dispersion hypothesis (rejection of H1a and H1b) but strongly support the information production hypothesis (no rejection of H2a, H2b, and H2c), the relevant information for liquidity being that produced by analysts
and not press coverage.
Robustness checks
This section is dedicated to checking whether our results are biased by endogeneity or driven by specific groups of IPOs or outliers.
Endogeneity
It could be argued that our results suffer from a selectivity bias resulting from underpricing being caused by factors determining the liquidity of the stock after the IPO. For example, if the largest IPOs are the most underpriced, they will also have the best liquidity and the lowest adverse selection costs in the post-listing market, not because they were initially underpriced, but due to their market size. In order to address this potential bias, we use a Heckman correction by adding a preliminary stage in which the probability of underpricing is estimated in a logistic regression. In this preliminary stage, the probability for an issue to be underpriced, denoted  
, is modeled as a function of the pre-IPO managers' holdings (MAN_preIPO), a binary equal to 1 for VC-backed IPOs (VC), the percentage of shares sold in the IPO (SaleRatio), the IPO cycle measured by the number of offerings in the preceding three months (HM), underwriter quality measured by IPO market share (REP), and a dummy equal to 1 for IPOs with a liquidity provider contract.
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Regarding the impact of venture capitalists (VC) on IPO underpricing, there are two opposite theories. The certification hypothesis states that venture capitalists help certify the true value of the firm (Megginson and Weiss, 1991; Barry, Muscarella, Peavy, and Vetsuypens, 1990) . This certification effect induces a reduction in underpricing when the firm goes public. In contrast with this theory, Gompers (1993) develops a theoretical model in which young venture capitalists are ready to support additional costs in order to introduce firms, so that VC-backed IPOs should be more underpriced. This is supported by the findings of Gompers (1996) and Lee and Wahal (2004) . Regarding underwriter reputation, Carter and Manaster (1990) found it to be negatively correlated with underpricing for U.S. IPOs in the 1970s and 1980s but this correlation became positive in the 1990s according to Beatty and Welch (1996) . Table 7 reports the estimates of the logistic regression. They support the certification hypothesis which predicts a reduction in underpricing when the IPO is venture-backed. Also, higher underpricing is observed when the firm has signed a liquidity contract. Hot market periods, the ratio of shares sold in the IPO, the managers' shareholdings prior to the IPO, and underwriter quality have no significant influence on initial underpricing.
Table 7 about here
Following the preliminary stage, regressions (13), (14), (16), and (17) were reestimated, replacing the underpricing variable by the product of the underpricing probability as estimated from the logistic regression and the realized underpricing U 1w . For overpriced IPOs, this variable was set to zero. The results obtained from this three-stage procedure are very similar to those of Section 6 and conclusions remain unchanged. With an R-square below 10%, the first-stage logistic regression poorly explains the cross-section of underpricing and we consider that the results of Section 6 are not subject to endogeneity.
Analysis by sub-groups
The first issue we address here is whether our findings are created by a dichotomy between underpriced IPOs and others, or whether the level of underpricing is important. This question is answered by running the double-stage regressions on the sub-sample of underpriced IPOs (231 firms among which 114 have continuously traded shares). We obtain the same conclusions as for the whole sample, with the statistical significance of the impact of underpricing-predicted coverage on the probability of informed trading increasing to 5% for both the PIN and the AdjPIN measures. This leads us to consider that not only the occurrence of underpricing but also the magnitude of initial returns influences post-listing liquidity through additional information production.
Second, we focus on the book-building mechanism. It is often argued that the discretionary power of underwriters characterizing the share allocation in book-built offerings is used to shape ownership structure, either by allocating to buy-and-hold investors (Cornelli and Goldreich, 2001; Jenkinson and Jones, 2004) , or by favoring small or large shareholders (Brennan and Franks, 1997; Stoughton and Zechner, 1998) . Further, Degeorge, Derrien, and
Womack (2007) find that underwriters use discretion to allocate more shares to banks that will provide positive analyst coverage. Such practices might strengthen or weaken the relations between underpricing, ownership concentration, analyst coverage, and liquidity for book-built IPOs. We therefore repeat the tests over the sub-sample of book-built offers which comprises 247 IPO stocks out of which 147 are continuously traded. All findings are similar with the exception that: (1) the statistical significance of the negative correlation between underpricing and the Herfindhal-Hirschmann concentration index of post-listing ownership increases to 10%, and (2) the impact of the coverage generated by underpricing on information asymmetry, while still significant for the LSB measure and price impact, fails to be significant for informed trading probabilities.
Third, we consider the sub-group of IPOs for which there is a primary offer, as ownership and coverage issues might be more relevant for IPOs issuing new shares. This sub-group counts 261 stocks, with 135 being continuously traded. The findings are exactly the same as those for the book-built sub-sample.
Fourth, underwriter quality might change the triple relation linking underpricing, information production, and liquidity, as on the one hand, high-quality underwriters are more inclined to cover their IPOs (Cliff and Denis, 2004) , and on the other, IPO stocks underwritten by more reputed banks have been found to be more liquid (Popescu and Xu, 2011 ) independent of their initial returns. To test this hypothesis, we reduced the sample to IPOs underwritten by more reputed banks, defined as those having a greater market share (REP) than the median market share. This criterion produced a group of 247 IPOs (130 being continuously traded), from which we drew the same conclusions as those drawn from the complete sample, with the difference that the impact of underpricing-induced coverage on informed trading probabilities is slightly more significant.
Last, stock markets experienced a strong liquidity dry up at the end of our observation period when the subprime crisis happened. To check if our findings are driven by outliers in the illiquid period, we shortened the observation period and dropped from the sample the IPOs undertaken after 30 June 2007. Conclusions remain unchanged although, due to sample size reduction, we lose the statistical significance of the coverage variable coefficients for the PIN and AdjPIN measures in the regressions of Table 6 .
Conclusion
Using a sample of Euronext IPOs issued between 1995 and 2008, we find that more underpriced IPO stocks are more intensively traded and have lower liquidity costs in the postlisting period. Further, adverse selection costs and informed trading are lower for more underpriced IPO stocks, which suggests that more public information is produced for these stocks. In contrast to Booth and Chua's theory, we fail to prove that those effects result from a more diffuse ownership obtained by underpricing the issue. Instead, we find that they are the result of the information momentum modeled by Chemmanur (1993) and Aggarwal et al. AGE is the age of the firm at the time of the IPO. P 0 is the IPO price. IPO_size corresponds to the issue size equal to the number of shares on sale times the IPO price. MV is the market value of the firm. Sharesonsale is the number of shares sold in the IPO. SaleRatio is the ratio of shares sold in the IPO divided by the number of outstanding shares following the IPO. For each stock of the sample, IPO underpricing U 1 , U 1w and U 1m are measured as the adjusted return observed, respectively, over the first day, the first week and the first month. All trading measures are estimated over the six months following the IPO date. V is the average trading volume in € over this post-listing period. TURN is the average daily turnover, which is the average daily volume in percentage of the number of shares sold in the IPO.  is the closing return volatility. We compute timeweighted average quoted, effective and realized spreads (QS, ES and RS) . BLOCK is the percentage of shares controlled by the blockholders. INST is the percentage of shares controlled by institutional investors. MAN is the percentage of shares retained by the managers. FAM is the percentage of shares controlled by the family. HERF is the Herfindhal-Hirschmann index of ownership concentration. #AN , # BR and # REC are, respectively, the number of analysts, brokers and recommendations during the post-listing period. For each stock of the sample, IPO underpricing is measured as the adjusted return (U) observed over the first five trading days for underpriced issues and is set to 0 for others. Liquidity and information asymmetry measures are estimated over a six-month period following the IPO date. The average daily turnover (TURN), that is the average daily volume in percentage of the number of shares sold in the IPO, the Amihud illiquidity ratio (AMIH) and the Lesmond, Ogden, and Trczinka's zero-return ratio (L_O_T) are calculated for every stock. Time-weighted average quoted spreads (QS), average effective spreads (ES) and average realized spreads (RS) are computed for continuously traded stocks. α lsb , PIMP, PIN, and AdjPIN denote the Lin, Sanger, and Booth's alpha coefficient, the average 30-minute price impact, the PIN measure and the adjusted PIN measure respectively.
They are estimated for continuously traded stocks only. Control variables comprise the closing return volatility (  ), the market value in logarithm (lnMV), the logarithm of the average trading volume in € (lnV), the average post-listing closing price in logarithm (lnP), the Herfindhal-Hirschmann index of ownership concentration measured after the IPO (HERF_postIPO), a binary variable equal to 1 if there is a lock-up period (Lock-up), a binary variable equal to 1 if there is a liquidity provider contract (LP_contract), the managers' holdings after the IPO (MAN_postIPO), a binary variable equal to 1 for New Market or Alternext issues (NM), a binary variable equal to 1 for new technologies firms (NTIC). ***,**,* indicate that the coefficient is significantly positive or negative, respectively, at the 1, 5, and 10% level; p-values are reported in brackets. Dependant variables are the Herfindhal-Hirschmann index of ownership concentration measured after the IPO (HERF_postIPO) and the percentage of shares controlled by the blockholders after the IPO (BLOCK_postIPO). IPO underpricing is measured as the adjusted return (U) observed over the first five trading days for underpriced issues and is set to 0 for others. Control variables comprise the market value in logarithm (lnMV), the ratio of shares sold in the IPO divided by the number of outstanding shares following the IPO (SaleRatio), the percentage of shares controlled by the family after the IPO (FAM_postIPO), a binary variable equal to 1 for New Market or Alternext issues (NM), a binary variable equal to 1 if the firm is VC-backed (VC) and a binary variable equal to 1 for book-buildings (BB). ***, **,* indicate that the coefficient is significantly positive or negative, respectively, at the 1, 5, and 10% level; p-values are reported in brackets. This table displays the estimations of public information production measures on underpricing. #AN , # BR and # REC are, respectively, the number of analysts, brokers and recommendations during the post-listing period (in logarithm). FACT is the number of citations in the press during the six months following the IPO. IPO underpricing is measured as the adjusted return (U) observed over the first five trading days for underpriced issues and is set to 0 for others. Control variables comprise the ratio of shares sold in the IPO divided by the number of outstanding shares following the IPO (Saleratio), a binary variable equal to 1 for New Market or Alternext issues (NM), the number of IPOs over the preceding 3 months (HM) in logarithm and REP is the market share of all lead underwriters for an IPO (in logarithm). ***, **,* indicate that the coefficient is significantly positive or negative, respectively, at the 1, 5, and 10% level; p-values are reported in brackets. comprise the closing return volatility (  ), the market value in logarithm (lnMV), the average trading volume in € (V), the average post-listing closing price in logarithm (lnP), the Herfindhal-Hirschmann index of ownership concentration measured after the IPO (HERF_postIPO), a binary variable equal to 1 if there is a lock-up period (Lock-up) and a binary variable equal to 1 if there is a liquidity provider contract (LP_contract). ***,**,* indicate that the coefficient is significantly positive or negative, respectively, at the 1, 5, and 10% level; p-values are reported in brackets. and #RÊC . Control variables comprise the closing return volatility (  ), the market value in logarithm (lnMV), the average post-listing closing price in logarithm (lnP), the managers' holdings after the IPO (MAN_postIPO), a binary variable equal to 1 for New Market or Alternext issues (NM) and a binary variable equal to 1 for new technologies firms (NTIC). ***, **,* indicate that the coefficient is significantly positive or negative, respectively, at the 1, 5, and 10% level; p-values are reported in brackets. This table reports the results of the first stage logit regression (of the three stage analysis) in which the dependant variable is a dummy equal to 1 if the issue is underpriced, 0 otherwise. The probability of an issue to be underpriced is modeled as a function of the pre-IPO managers' shareholdings (MAN_preIPO), a binary variable equal to 1 if the firm is VC-backed (VC), the ratio of the number of shares sold in the IPO divided by the number of outstanding shares following the IPO (Saleratio), the number of IPOs over the preceding 3 months in logarithm (HM), a binary variable equal to 1 if there is a liquidity provider contract (LP_contract) and REP is the market share of all lead underwriters for the IPO (in logarithm) . ***, **,* indicate that the coefficient is significantly positive or negative, respectively, at the 1, 5, and 10% level; p-values are reported in brackets.
